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- We compared three methods for detecting enteropathogens in 416 children with diarrhea: (i) examination of
10 lactose-fermenting and all non-lactose-fermenting Escherichia coli (colony blots); (ii) examination of 300
colonies (replicate blots), and (iii) determination of the total bacteria[ growth of stools (stool blots). All
specimens were spotted onto Whatman 541 filters and hybridized with specific radiolabeled DNA pros.
Enterotoxigenic E. col( was detected in 38 patients by examining colony blots, in 52 patients by examining
replicate blots, and in 45 patients by examining stool blots. Enieropathogenic E. coli adhesin factor was
detected in 12 patients by colony blots, in 25 patients by replicate blots, and in 16 patients by stool blots. Elcoli
that hybridized with the enterohemorrhagic E. col( probe was detected in 2 patients by colony blots,in I I
patients by replicate blots, and ;n 0 patients by stool blots. Shiga-like toxin-producing E. coli was detected in
0 patients by colgny blots, in 12 patients by replicate blots, and in 0 patients by stool blots. Shigella spp'. were
identified by standard bacteriological methods in 82 patients, and enteroinvasive E. coli was identified by
colony blots in I I patients (total, 93). by replicate blots in 56 patients, and by stool blots in 35 patients. Of 82
culture-confirmed Shigella infections, 45 were identified by , xamining replicate blots with the 17-kilobase-pair
probe and 36 were identified by examination with the lpa probe (P < 0.05). Examining replicate blots with
specific probes identified more enterotoxigenic E. col( (P < 0.005), enteropathogenic E. colidhesin factor-
producing E. coli (P < 0.001), and Shiga-like toxin-producing E. col( (P < 0.005) infections than examining
colony blots. More Shigella and enteroinvasive E. col( infections were identified by standard bacteriological
methods and examining colony blots with a specific probe than by examining replicate and stool blots (P <

O.O - - - - - - -- ,, __ .,.,r.- , ,. - <-,. C

Pathogenic determinants have been identified in E..che- colony blot method with replicate blot and stool blot hybrid-
richia col( isolated from patients with diarrhea. These in- ization methods.
elude enterotoxin production. enteroinvasion, localized en- A 17-kilobase (kb) EcoRI fragment of the 140-megadalton
teroadherence. and Shiga-like toxin (SLT) or verocytotoxin virulence plasmid of Shigelht flexueri serotype 5. pWR100,
(VT) production (5). DNA probes to identify genes coding has been used to identify EIEC and Shigella spp. (20, 23).
for these determinants have been constructed and used to Recently, genes coding for the invasion plasmid-encoded
study the etiology of diarrheal disease in various parts of the antigens have been cloned (1) and a probe coding primarily
developing world (2. 4. 12, 13, 20. 23. 24). for invasion plasmid antigen t (Ipa) has been used to identify

Individual colonies and the total bacterial growth of stools EIEC and Shigela spp. (25). We compared the Ipa probe
have been examined with specific probes to detect entero- with the 17-kb EcoRl probe to identify Shigella spp. and
*oxigenic E. col (ETEC) (3, 12). enteroinvasivc E. col( EIEC by examining 300 colonies and the total bacterial
(EIEC) (19, 23). enteropathogenic E. col( adhesin factor- growth of stools.
producing E. col (EAFEC) (3. 14), and Shigella spp. (19.
23). Enterohemorrhagic E. col (EHEC) 0157:H7 contains a MATERIALS AND METHODS
60-megadalton plasmid required for expression of a new Specimens. From July to December 1987. stools were
fimbrial antigen adhesion to epithelial cells (6). A cryptic collected from children under 5 years old with diarrhea ho

fragment of this plasmid has been used to identify EHEC and had not received antibiotics in the previous 2 weeks and

has been referred as the EHEC probe (8). were seen at the outpatient department of Children's Hos-

Examining the total bacterial growth of stools identified piae Bangkk Th ain de in e as C hre or
fewer ETEC. EAFEC, EIEC and Shigella infections than pital Bangkok. Thailand. Diarrhea was defined as thre,; or

fewe ETC. AFE, EEC.and higliainfctins han more loose stools that assumed the shape of the container in
examining individual colonies (2. 4. 24). In a study of 24 h for less than 72 h.

patients with hemorrhagic colitis in Great Britain, EHEC Bacteriology. Stools were examined for bacterial enteric

was identified in 39% of patients by examining several
hundred colonies from each patient for hybridization with pathogens as previously described (23). Shigellt spp. and E.

the VT I and VT 1i probes (21). Between <1% and 100% of coli were identified by standard biochemical tests (8). Shi-
the colonies xan VTf1rombes pa.Betweent we ined s o gella spp. were tested for agglutination in specific antisenrthe colonies examined from each patient were identified ng (Difco Laboratories, Detroit. Mich.). E. coli isolates were
EHEC. To determine the optimal method for identifying saved on nutrient agar slants.
diarrheogenic E. coli infections, we compared the standard Processing of specimens for DNA hybridization assa. For

colony blots, 10 lactose-fermenting (Lac') and all non-
Corresponding author, lactose-fermenting (Lac-) F. coli from each child were

t Address for correspondence from the United States: AFRIMS, inoculated onto MacConkey ogar plates, incttbted alt 37
APO San Francisco. CA 96346-5000. for 16 h, plated on eight additional MacConkey plates with

' " 331



332 EFICHEVERRIA ET AL. J, C..i . MicKornoi,.

replicate colony transfer pads (FMC Bioproducts, Rockland. TAI3LE 1. Identification of ETEC and EAFEC infections in 416
Maine), and incubated at 37°C for 16 h. Colonies were children with diarrhea by three methods
transferred from MacConkey agar to filters (no. 541: What- No. or infections identiied by:
man. Inc., Clifton. N.J.) by pressing the filters evenly over Org~oin,
the colonies. Filters were subsequently rla:ed on Whatmon Colony blot Replicate bol Sioi blol
no. 3 paper saturated with 0.5 N NaOH-1.5 MI NaCI. ETEC 38 52 45
steamed for 3 min in an autoclave, immersed in 1 M Tris-2 M EAFEC 12 25 16
NaCI (pH 7.4) for 4 min. and air dried (10).

For replicate blots. 0.1 ml of 10-fold serial dilutions oi 1 g
of stool vortexed in 2 ml of sterile phosphate-buffered saline Filters examined with the -y-3' 2P-labeled ST oligonucleotide
was spread on MacConkey agar with a sterile glass triangle probe were washed in 6x SSC, three times for 30 mifi each
and incubated at 37'C overnight. Plates containing approxi- at 50°C, and air dried. Filters were exposed to X-Omat-R
mately 300 well-separated colonies were replica plated onto X-ray film (Eastman Kodak Co,, Rochester. N.Y.) with a
eight additional MacConkey plates and incubated at 37°C for single Cronex Lightning-Plus intensification screen (E. 1. du
16 h. Colonies on these plates were transferred to Whatman Pont de Nemours & Co., Inc., Wilmington, Del.) for 24 h at
541 filters and processed as described above (10). -70'C. Films were developed according to the instructions

For stool blots, stools were inoculated on a MacConkey of the manufacturer. E. coli strains that hybridized with the
plate (1 by 1 cm area) and the total bacteripcl growth was SLT 1, SLT II, or EHEC probe were tested for VT produc-
replica plated onto eight add'itional MacConkey plates. The tion in the Vero cell assay (7), E. coli strains that hybridized
total bacterial growth from each plate was transferred to with the E. coli adhesin factor (EAF) probe were tested for
Whatman 541 filters and processed as previously described mannose-resistant adherence to HeLa cells as described b%
(10). Scaletsky et al. (17), E. coli strains that hybridized with the

DNA probcs. Plasmid DNA was isolated from E. coli K-12 17-kb or lpa Shigella-EIEC probe were tested by the Sereny
containing pEWD299 (LT). pCVD419 (EHEC), pJN37-19 test (18). and E. coli strains that hybridized with the LT and
(SLT I). pNNl10-18 (SLT I1), pRM17 (EIEC), pW22 (ipa). ST probes were tested for enterotoxin production (3, 16). No
and pMAR22 (EAF) as described by So et al. (22) and attempt was made to recover isolates that hybridized with
digested with appropriate restriction endonucleases (Be- DNA probes in replicate blots.
thesda Research Laboratories. Gaithersburg, M.) under Statistical analysis was performed with the McNemar test
conditions specified by the manufacturer. A synthetic 23- for matched-pair analysis.
mer oligonucleotide probe to detect genes coding for STA
was constructed with a DNA synthesizer (Applied Biosys- RESULTS
tems. Foster City. Calif.) as previously described (4). The
LT probe consisted of a 850-base lincl digestion fragment Comparison of colony, replicate, and stool blots with spe-

of pEWD299 (12), the EHEC probe was a 3.4-kb Hindill cific DNA probes. (i) ETEC. Among 416 children with diar-
fragment of pCVD419 (9), the EIEC probe was a 17-kb rhea, 7 were infected with E. coli colonies that hybridized
EcoRl digestion fragment of pRM17 (20), and the Ipa probe with both the LT and ST probes, 24 were infected with E.

was a 1,750-base EcoRl digestion f,-agment of pW22 (1). The coli colonies that hybridized with only the LT probe, and 7

SLT I probe was a BamnHl 1,142-base fragment of pJN37-19, were infected with E. coli colonies that hybridized with only

and the SLT 11 DNA probe was a Smaf-Pstl 842-base the ST probe. All of the E. coli colonies that hybridized with

fragment of pNN1l0-18 (15). The EAF probe was a BamHI- the enterotoxin gene probes produced enterotoxin(s), as

Sail 1-kb digestion fragment of pMAR22 (14). The appropri- determined by Y-1 adrenal and suckling mouse assays.

ate DNA fragments were separated by polyacrylamide gel Colonies that hybridized with the enterotoxin gene probes

electrophoresis, electroeluted from the gel, and labeled in were identified in 38 children by testing 10 E. coli colonies
vitro with [u-' 2P]deoxynucleotide triphosphate (Dupont, (colony blots), in 52 children by testing 300 colonies (repli-

NEN Research Products, Boston, Mass.) by nick translation cate blots) and in 45 children by testing stool blots (Table 1).

(11). The ST oligonucleotide probe was 5' end labeled with ETEC was identified in 61 (15%) of 416 children by any

[-y-' 2P]deoxynucleotide triphosphate (11). method. Among 38 children with ETEC, examining replicate

DNA hybridization. Filters examined with the polyntcle- blots with the enterotoxin gene probes had a sensitivity of

otide-cloned probes were incubz., in the following hybrid- 92%, a specificity of 96%, a PPV oi 67%, and a NPV of 99%.

ization solution: 50% formamide, 5X SSC ( X SSC is 0.15 M Examining stool blots with the enterotoxin gene probes had

NaCI and 0.015 sodium citrate), 0.1% sodium dodecyl sul- a sensitivity of 82%, a specificity of 96%, a PPV of 69%, and

fate, 1 mM EDTA, and Denhardt solution (0.02% Ficoll a NPV of 98%. The mean percentage of 300 colonies that

[Pharmacia Fine Chemicals, Piscataway, N.J.] [molecular hybridized with both the LT and ST probes was 93% (95%

weight, 400.000]. 0.02% polyvinylpyrrolidone [molecular confidehce limits, 80 to 100%), the percentage that hybrid-

weight, 360,000], 0.2% bovine serum albumin). The fifters ized with only the LT probe was 33% (95% confidence limits,

were then transferred to fresh hybridization solution con- 9 to 47%), and the percentage that hybridized with only the

taining 10' cpm of heat-denatured DNA probe and 75 pLg of ST probe was 57% (95% confidence limits. 28 to 86%).

sheared heat-denatured calf thymus DNA per ml and incu- (it) EAFEC. E. coli strains that hybridized with the EAF

bated at 37C overnight. Hybridization with the "y-32P-la- probe and adhered to HeLa cells in a localized adherent

beled ST oligonucleotide probe was performed at 50C pattern were isolated from 12 children with diarrhea.

overnight in 6x SSC-1% bovine serum albumin-l% polyvi- EAFEC was identified by colony blots in 12 children, by

nylpyrrolidone-1 mM EDTA with 107 cpm of oligomer probe replicate blots in 25 children. and by stool blots in 16

per ml.. children (Table 1). EAFEC infections were identified in 27

The filters examined with the DNA polynucleotide probes (6%) of 416 children with diarrhea by any method, The mean

were washed twice in 5X SSC-0.1% sodium dodecyl sulfate percentage of 300 colonies that hybridized with the EAF

for 45 min at 65C, rinsed in 2X SSC at 220C, and air dried, probe was 71% (95% confidence limits, 54 to 88%). Among
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TABLE 2. Identification of 82 Shigella and 11 EIEC infections TABLE 3. Identification of Shigella spp. and cnterovirulcnt
by examining replicate and stool blots with the 17.kb E. coli in 416 children with diarrhea by three methodsand Ipa radiolabeled probes"

No. 0') of infction-, identified by,:
No. of intectiots identiied by: Organism Colony blots Replicate blots Stool blofs

Organism Standard Replicate blot Stool blot ETEC -,"S (t-)) 5_ 0 25) , 4.1(11)
methods 17-kb Ipa 17-kb Ipa EAFEC 12 (3) 25 (6) 16 14)

Shi.,ell spp.'-EIEC' 93 (22) 56 (13) 35" (SilShst.elha5  82 45 36 28 24 SLTEC" 0 12 (3) 0
EIEC" 11 5 6 7 6 EHEC" 2 (<1 11 (3) 0

The 17-kb probe is the 17-kb EcoRl fragment of pRNM17; the Ipa probe is " For colony and replicate blots. P is -:I).005 for data for ETEC and
the 1.750-base EroRI fragment of pW22. SLT-prodticing E. coli and <0.001 for data for EAFEC and Shigella spp.-

Identified by standard bacterioogical methods. EIEC for replicate and stool blots. P is <0.005 for data for Shigella
Identified by testing 10 lactose-fermenting and all non-lactose-fermenting spp.-EIEC. SLT-producing E. coi, and EHEC. All other differences are not

E. (oli for hybridization with the radiolabeled 17-kb probe irnd confirming sp i.
probe-posit ve isolates by the Screny test 118). Identified by standard bacteriological methods (9).

Identified with the 17-kb DNA probe.
' SLTEC. SLT-producing E. coli.

12 children with EAFEC. replicate blots examined with the EHEC identified with the EHEC probe.
EAF probe had a sensitivity of 83%, a specificity of 96%, a
PPV of 40%, and a NPV of 99%. Examining stool blots with One Lac- EIEC infection was detected by the 17-kb and the
the EAF probe had a sensitivity of 83%, a specificity of 98%, Ipa probes in both replicate and stool blots, while the other
a PPV of 62%, and a NPV of 99%. Lac- EIEC infection was not detected in replicate or stool

(iii) E. coli that hybridized with the EHEC probe. E. coli blots with either probe. There was no significant difference
that hybridized with the EHEC probe was identified by between identifying EIEC in replicate blots (five and six
colony blots in 2 children, by replicate blots in 11 children, EtEC identifications) and stool blots (seven and six EJEC

and by stool blots in 0 children. Infections with E. coli that identifications) with the 17-kb and Ipa probes (Table 2).
hybridized with the EHEC probe were identified in 13 (4%) A total of 82 Shigella infections were identified by stan-
of 416 children with diarrhea by any method. Replicate blots dard bacteriological methods, and 11 EIEC infections were
from three children hybridized with the EHEC probe and identified by colony blots (total, 93), 56 were identified by
SLT probes (SLT I and 11, one child; SLT I only, one child; replicate blots, and 35 were identified by stool blots in 416
and SLT II only, one child). Eleven E. coli colonies that children with diarrhea. In six patients, replicate blot hybrid-
hybridized with the EHEC probe did not hybridize with the ized with the 17-kb and Ipa probes, but Shigella and EJEC
SLT probes or product VT. The mean percentage of 300 were not isolated. The mean percetage of 300 colonies that

colonies that hybridized with the EHEC probe was 13% hybridized with the 17-kb probe in Shigela infections was

(95% confidence limits. 2 to 27%). 43% (95% confidence limits, 8 to 86%), and the percentage in
(iv) SLT-producing E. coi. None of the colony blots, 12 EIEC infections was 47% (95% confidence limits, 8 to 86%).

(2%) of the replicate blots, and none of the stool blots from Among 11 children with EIEC infections, examining repli-
children with diarrhea hybridized with the SLT probes. Five cate blots with the 17-kb and Ipa probes had sensitivities of
replicate blots hybridized with the SLT I probe, six hybrid- 45 and 50%, specificities of 98 and 98%, PPVs of 36 and 38%,
ized with the SLT II probe, and one hybridized with both and NPVs of 99 and 99%. Examining stool blots from the
SLT probes. Of 300 colonies, a mean of 3% (95% confidence same patients with the 17-kb and Ipa probes had sensitivities
limits, 1 to 5%) hybridized with the SLT probes. of 64 and 54%, specificities of 100 and 100%, PPVs of 100

(v) Shigella spp. and EIEC. Shigella spp. were isolated and 86%, and NPVs of 99 and 99%.
from 82 children with diarrhea by standard bacteriological The identification of E. coli and Shigella infections by
methods. Of these 82 culture-confirmed Shigella infections, standard bacteriological methods and by examining colony,
45 were identified by examining replicate blots and 28 were replicate, and stool blots is summarized in Table 3.
identified by examining stool blots with the 17-kb EcoRI
probe (P < 0.01) (Table 2). From the same cases of shigel- DISCUSSION
losis, 36 replicate blots and 24 stool blots hybridized with the
Ipa probe (P < 0.05). More Shigella infections were identi- More E. coli infections were identified by examining
fled by examining replicate blots with the 17-kb probe than replicate blots than by examining colony blots with specific
with the Ipa probe (45 versus 36; P < 0.05); however, the DNA probes. Examining replicate blots identified more E.
difference between examining stool blots with the 17-kb coli and Shigella infections than examining stool blots.
probe versus examining blots with the Ipa probe (28 versus although this was not significant with ETEC and EAFEC
24 infections identified) was not statistically significant. infections. Since stool blots contain 10' to 10' bacteria,
Among 82 patients with Shigella infection, examining repli- whereas replicate blots contain approximately 300 well-
cate blots with the 17-kb and Ipa probes had sensitivities of separated colonies, nonhomologous DNA or bacterial wall
55 and 34%, specifi-ities of 98 and 100%, PPVs of 83 and remnants appear to interfere with the access of specific
82%, and NPVs of 91.and 89%. Examiffing stool blots from probes to target cell DNA. Lac- Shigella and Lac- EIEC
the same patients with the 17-kb and Ipa probes had sensi- may b, overgrown by faster growing L.ac' E. coli in stool
tivities of 34 and 30%, specificities of 100 and 100%, PPVs of blots. Bacterial pathogens may not be evenly distributed in
100 and 96%, and NPVs of 86 and 87%. specimens, e.g., Shigella spp. and possibly Lac- EIEC, and

EIEC was isolated from 11 children with diarrhea by the infected areas may not be cultured in the preparation of
testing E. coli for hybridization with the 17-kb probe and stool blots. Examining replicate and stool blots was less
testing probe-positive isolates in the Sereny test. Nine sensitive in identifying Shigella infections than standard
children were infected with Lac* and two with Lac- EIEC. bacteriological methods (20. 24) and should not be used to
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identify .Shigciia spp. and EIEC in clinical specimens fromn .1. Nutaro, 11. Karch. and K. A. Wachsiuth. 1987. A DINA probe
patients with diarrhea. to identify enterohemorrhagic hF.o'ihricaiui olf01157:1117 and

Tfhe percentage of 30(1 colonies that hybridiZed with DNA other serotypes that cause hemorrhagic colitis and hemolytic
probs fr gnescodng or pthoeni deermnans ~ureinic syndrome. J. Infect. lDis. 156:175-182.loe inr soen chidng with diarhoea.Ti ethrmat wast 1t0. Nlaas, It. 1983. An improved colony hybridi/ation methxi withlowa in time cterith iarrea Tio is mey o importnt significantly increased sensitivity tiir detection of single genes.alwa% ientiy bctera t-,itareetioogiallyimprtan. IT Plasinid 141:296-298.ETEC identified in 3Y/( of' 300 colonies have not been 1t. Ninats T., E. F. F~ritsch, and .1. Sambroonk. 1982. Molecular

associated with diarrhea disease in children less than 5 years cloning: a laboratory Manual. Cold Spring Harbor L~aboratory.
old (P. IEcheverria.. D. N. TFaylor. -U. Lexomboon. M. Cold Spring H-arbor, N.Y.
13haiblUlava. N. R. Biit'cklow. K. Tamalra, and R. Sakazaki. 12. NMoseley, S. L., 11. tEcheverrla, J. Seriwatana. C. Tlrapat. WV.
J. Infect. Dis. in press). Chaicumpa. TI. Sakuldaipeara, and S. Falkow. 1982. Identifica-

The 11 E. coil colonies that hybridized with the EH EC tion of enterotoxigenic LEscijericlhia coi using three enteroloxfl
probe did not hybridize with the SLT I and S11 probes or 1.gene probes. J. Infect. IDis. 145:863-869.

prodce ~F.Seriataa e al (19 prviotsfydesribd3. Nalaro. J. P.. Nt. M. Hal dini. . B. Kuper, R. E. Black. N. Bravo.
pri oltes VTheatan bizedth the 19 p eCul perobed ht .i and M. NI. Levine. 1985. Detection of an adhesive factor ofcoliisoatc tht hyridzedwit th EHE prbe hatdid enteropathogenic h.schr'hchia coi with a I)NA probe. J. Infect.not pr-odUCe VT. Although the EHEC probe hybridized with Dis. 152:561)i-565.
most EHEC isolated in Canada. Germany. the United 14. Nataro, J. P., 1. C. A. Scaktlsks'. 1. BI. Kuper. NM. M. Levine, and
States,. and Chile. this probe hybridizes with E. coi that do L. R. Trabulsi. t985. Plasmid-mediated factors conferring dif-
not produce VT'. It is possible that the E. coi isolates that fuse and localized adherence of' enteropathogenic I:scricia
hybridlized with the EHEC probe previously contained co/i. Infect. Immun. 48:378-383.
phagze-encoded genes for SLT. 15. Newsland, J. W., and R. J. Neill. 1988. DNA probes for Shiga-

DNA probes have been extremely utseful in identif'ying like toxins I and 11 and for toxin-converting bacteriophages. J.
gene coingfor nteoviulet deermnans inlare nIM- Clin. Microbiol. 26:958-987.

gens cdin fo eneroiruentdetrmiant inlare nm- 16. Sack. D. A., and R. B. Sack. 1975. Test for enterotoxigenic
bers of E. coi. Examining 300 colonies in replicate blots Esc/wrichjo coil using Y-1 adrenal cells in niiniculture. Infect.
inc.-eased the identification of' diarrheogenic E. coi. How Immun. 11:334-336.
useful this will be in defining the relative importance of 17. Scaletskv. 1. C. A.. NM. L. Nt. Silva, and L. R. Trabulsi. 1984.
bacterial pathogens in patients with diarrheal disease re- Distinctive patterns of adherence of enteropathogenic Esc/u'-
mains to be determined. ric'hia coi to HeL-a cells, Infect. Immun. 45:534-536.

18. Sereny, B. 1955. Experimental Shiigefla keratoconjunctivitis.
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